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Leaves of Rhus burchelli Sond. ex Engl. and Eriocepha/us ericoides (Lt.) Druce, two xerophytic species from 
the arid regions of Namaqualand, southern Africa, were investigated. The leaves do not exhibit many xero-
morphic features, but some are regarded as of ecological significance. These include the presence of a 
resinous covering on the leaves of R. burchelli and an oily layer on the leaf surface of E. ericoides. Other 
features assumed to be of ecological importance include a dense indumentum on young leaves of E. eri-
coides and large amounts of tanniniferous substances in the leaves of both species. Leaf structure is 
described and discussed in relation to its ecological significance. 
Die blare van twee xerofitiese spesies, naamlik Rhus burchelli Sond. ex Engl. en Eriocepha/us ericoides (Lt.) 
Druce, wat in die droe dele van Namakwaland voorkom, is ondersoek. Die blare het nie 'n groot aantal xero-
morfiese kenmerke nie hoewel sommige kenmerke belangrike ekologiese funksies mag he. Van die belang-
rikste kenmerke sluit in 'n harpuislaag op die blare van R. burchelli en 'n olielaag op die van E. ericoides. 
Ander kenmerke sluit in 'n digte indumentum op jong blare van E. ericoides en groot hoeveelhede tannien-
agtige verbindings in die blare van beide spesies. Die struktuur van die blare word beskryf en bespreek in die 
lig van hulle ekologiese aanpassings. 
Keywords: Ecological anatomy, Eriocepha/us ericoides, Rhus burchelli, xeromorphy, xerophyte. 
Introduction 
Anatomical investigations concerning the leaf structure of 
xerophytic plants from southern Africa have largely been 
neglected. Previous studies mainly concern succulent 
species from the Namib desert and Richtersveld (Marloth 
1909; Zemke 1939; Ihlenfeldt & Hartmann 1982; Eller et al. 
1983). 
Eriocephalus ericoides (L.f.) Druce and Rhus burchelli 
Sond. ex Eng!. are non-succulent, evergreen, woody shrubs 
with wide geographical distributions in southern Africa. 
They occur in the arid regions of South Africa in Namaqua-
land, the Cape Province and the Orange Free State as well 
as in Namibia. R. burchelli is regarded as a highly adaptable 
species as it occurs in both arid regions and evergreen 
forests (Coates Palgrave 1983). E. ericoides is believed to 
be an important component of natural pasture in arid 
regions. The leaves may either be palatable or unpalatable, 
depending on the aridity of the habitat (Le Roux & Schelpe 
1988). The leaves of R. burchelli are generally regarded as 
unpalatable. 
The long vegetative growth period of ten months of the 
year in Namaqualand (Van Rooyen et al. 1979) may be an 
indication that these species are well adapted to their 
environment. The leaf anatomy was investigated to ascertain 
whether a correlation exists between leaf structure and 
survival mechanisms of these plants and to obtain some 
insight into the biological problems concerning the adap-
tations of xerophytes of southern Africa in general. 
Material and Methods 
Leaves of E. ericoides and R. burchelli were collected in the 
Hester Malan Nature Reserve which is situated in the arid 
Namaqualand region of southern Africa. This is a winter 
rainfall region with a long-term average rainfall of 127 mm 
p.a. Precipitation is erratic and seasonal droughts occur 
frequently. The temperature varies from a minimum of _1°C 
to a maximum of 48°C. 
The material was fixed in 4% paraformaldehyde, pH 7.2, 
and prepared for SEM by dehydration in an ethanol series, 
critical-paint-drying and sputter-coating with gold-palla-
dium. The preparations were observed with a Cambridge 
250 scanning electron microscope. Unfixed, air-dried mate-
rial of R. burchelli was directly sputter-coated with gold-
palladium, as fixation and dehydration remove the resinous 
covering from the leaves. 
For light microscopy material was fixed in 4% paraform-
aldehyde at pH 7.2 and dehydrated in an alcohol series 
(O'Brien & McCully 1981). Segments were embedded in 
2-hydroxyethyl methacrylate according to the GMA method 
of O'Brien and McCully (1981) and sectioned at 2 /-Lm. The 
periodic acid/Schiff's (PAS) reaction was carried out and 
sections were stained with 0.05% aqueous toluidine blue 0 
(O'Brien & McCully 1981). To determine the degree of 
cutinization of the cell walls, sections were stained with 
Sudan black B (O'Brien & McCully 1981) while the locali-
zation of lipids was determined with 0.5% Nile blue (Gahan 
1984). 
Results 
Leaf surface morphology 
The leaves of E. ericoides are centric. Immature leaves are 
covered with a dense white indumentum consisting of elon-
gated intertwined uniseriate hairs (Figure lA). In mature 
leaves only the stalk cells remain after the apical cells have 
been shed (Figure lB). 
Sessile glandular trichomes (Figures lB & lC) are appar-
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Figure 1 Leaves of Eriocephalus ericoides and Rhus burchelli. A-D. Scanning electron micrographs of leaf surface of E. ericoides. 
A. Immature leaf. B. Mature leaf; arrowhead indicates stalk cell of shedded trichome. C. Glandular trichome with slit in cuticle 
(arrowhead). D. Rounded papillae of leaf tip. E. Scanning electron micrograph of resin covering on leaf of R. burchelli. F-G. Light 
micrographs of leaves stained with Sudan black B showing epidermal and mesophyll cells in transverse section. F. E. ericoides; cu -
cuticle. G. R. burchelli. H. Light micrograph of epidermal and mesophyll cells of R. burchelli in transverse section, showing accumu-
lation of resin in subcuticular space (arrowheads). I. Light micrograph of uniseriate hairs of E. ericoides, shown in transverse section. 
J. Light micrograph of glandular trichome of E. ericoides shown in transverse section. K. Scanning electron micrograph of leaf surface 
of R. burchelli showing glandular trichomes after resinous covering has been removed. L. Light micrograph of glandular trichome of 
R. burchelli, seen in transverse section. 
ently responsible for the secretion of the thick oily layer on 
the leaf surface of E. ericoides. The leaf tips terminate in 
rounded papillae (Figure ID). 
Both leaf surfaces of R. bun:helli are covered with a thick 
resinous layer (Figure IE). In immature leaves as well as 
apical and axillary buds, the resinous covering completely 
obscures underlying glandular trichomes and stomata. En-
largement of immature leaves results in the formation of 
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fissures and holes above the stomata (Figure IE). In 
immature leaves, the stomatal pores may be completely 
occluded by the resinous secretion. The resinous covering 
can only be observed with the scanning electron microscope 
when unfixed, air-dried material is used. 
Anatomy 
Epidermis 
Cells comprising the uniseriate epidermal layer of E. 
ericoides are isodiametric or tangentially elongated (Figure 
IF). The outer periclinal cell walls are considerably thicken-
ed while the straight anticlinal walls as well as the cuticle 
are relatively thin. The outer periclinal cell walls apparently 
contain silica which is manifested by the tearing of these 
walls during sectioning. These cell walls do not contain 
cutin. Most epidermal cells are filled with tanniniferous 
substances (Figure IF) . 
The uniseriate epidermis of R. burchelli consis ts of 
isodiametric or tangentially elongated cells (Figure IG). The 
outer periclinal cell walls are thick but uncutinized (Figure 
IG). The inner periclinal cell walls are thickened (Figure 
IG) and have simple pits. Epidermal cells are partially or 
completely filled with tanniniferous substances which 
exhibit a granular or homogenous structure (Figure IG). 
These substances appear either blue or green after staining 
with toluidine blue O. Granular material, which resembles 
the contents of the resin canals, sometimes accumulates 
below the cuticle which is lifted away from the cellulosic 
portion of the outer periclinal cell wall (Figure IH). 
Trichomes 
The uniseriate non-glandular hairs of E. ericoides consist of 
one basal cell, two stalk cells and one elongated apical cell 
(Figure II) which may be empty or filled with tanniniferous 
substances. Cytoplasmic contents of the basal and stalk cells 
can only be observed at an early developmental stage of the 
trichome (Figure II). The sessile glandular trichomes of E. 
ericoides (Figures IB & IC) reach maturity at an early 
developmental stage of the leaf. These trichomes are multi-
cellular and biseriate (Figure 11). They consist of eight head 
cells and two basal cells (Figure 11). The anticlinal cell 
walls of the first pair of head cells (i.e . the cells adjacent to 
the basal cells) and the anticlinal and periclinal cell walls of 
the second pair of head cells are cutinized. The first two 
pairs of head cells are characterized by dense granular cyto-
plasmic contents while the cytoplasm in the remaining head 
cells is sparse (Figure 11). In mature glandular trichomes, 
the first pair of head cells contain an abundance of oil 
droplets. The secretory product accumulates subcuticularly 
in the apical head cells (Figure 11) and is released by rup-
turing of the cuticle (Figures IB & IC). 
The glandular trichomes of R. burchelli (Figure IK) have 
small basal cells, unicellular stalks and multicellular heads 
consisting of 4 - 8 cells (Figure IL). The anticlinal as well 
as the inner and outer periclinal cell walls of the stalk cell 
are cutinized. Granular material, similar to the contents of 
the resin canals, occurs in the stalk cells . These glandular 
trichomes are apparently responsible for the secretion of 
resin on the leaf surface. Dark, amorphous material, which 
may represent resinous compounds, is present in the head 
cells (Figure IL). It is possible that some of these substances 
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may be tanniniferous. The secretory process is similar to 
that of E. ericoides in that the secretory product which 
accumulates subcuticularly, is released by rupturing of the 
cuticle. The secretory product gives a positive reaction with 
Nile blue which indicates that it is lipophilic. 
Mature trichomes occur on immature leaves, even before 
they emerge from the bud. Secretion already begins at this 
early stage of leaf development. 
Stomata 
The stomata of E. ericoides are randomly distributed over 
the entire leaf surface. The long axis of the stomata is 
parallel to the long axis of the leaf (Figure IB). The guard 
cells are level with or slightly raised above the surrounding 
epidermal cells (Figure 2A). The inner periclinal cell walls 
of the guard cells and adjacent epidermal cells which abut 
the relatively large substomatal chambers, are cutinized. The 
outer stomatal ledges are prominent while the inner ledges 
are inconspicuous (Figure 2A). 
The leaves of R. burchelli are amphistomatous. The guard 
cells are raised above, or level with, the subsidiary cells. 
Both the inner and outer stomatal ledges are prominent 
(Figure 2B). Stomata of immature leaves are raised as a 
result of the raised subsidiary cells (Figure 3A). The inner 
periclinal cell walls of the guard cells and subsidiary cells 
are cutinized. Substomatal chambers are relatively large and 
sometimes filled with granular material which may represent 
resinous substances (Figure 3B). This may be an indication 
that the stomata are completely occluded by resin during the 
early stages of leaf ontogeny. 
Mesophyll and vascular tissue 
In the centric leaves of E. ericoides, the palisade cells 
radiate from the main vascular bundle. Intercellular spaces 
are large (Figure 3C). The mesophyll cells contain many 
chloroplasts (Figure 3C) and an abundance of large lipid 
droplets. Water storage tissue consisting of large, thin-
walled parenchyma cells, surrounds the main vein (Figure 
3C). The centrally situated main vein as well as five 
secondary vascular bundles situated outside the water 
storage tissue, are surrounded by bundle sheaths consisting 
of large, thin-walled parenchyma cells containing lipid 
droplets. A bundle of thick-walled phloem fibres is situated 
abaxially to the xylem (Figure 3C). Two secretory canals 
that are found laterally to the main vein in the water storage 
A B 
Figure 2 Diagrams of stomata. A. Eriocephalus ericoides . 
B. Rhus burchelli. 
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tissue (Figure 3C) probably represent oil cavities, as their 
contents give a positive reaction with Sudan black B (Figure 
3D). Transfer cells (Figure 3D) with extensive wall in-
growths are associated with the phloem and xylem of the 
main and secondary veins. 
The leaves of R. burchelli are dorsiventral (Figure 4A). 
The palisade tissue consists of two to three cell layers 
(Figure 4A). The intercellular spaces in the spongy paren-
chyma are large (Figure 4A). Large parenchyma cells, each 
containing a druse crystal, are scattered in the photo-
synthetic tissue (Figure 4A). Most mesophyll cells are 
completely filled with brownish substances which may 
represent oxidized tanniniferous substances (Figure 4A). 
The chemical composition of these tanniniferous substances 
may be different from those in the epidermal layer as they 
stain differently with toluidine blue O. These substances 
occur in smaller amounts in the spongy parenchyma cells in 
the central part of the leaf (Figure 4A). Some of these 
substances may also be resinous but it is difficult to 
determine their chemical composition, as oxidized tannin-
iferous substances do not react with known histochemical 
dyes and no specific dye for the localization of resin in plant 
tissue has yet been found (Dell & McComb 1978). 
One or two resin canals are situated in the primary and 
secondary phloem of the main and secondary veins of the 
leaves of R. burchelli (Figure' 4A). These canals are formed 
schizogenously. Further development of the canal was found 
to be lysigenous as remnants of disintegrated cells were 
r A 
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observed in the lumen of the canal. In immature leaves, the 
epithelial cells surrounding the lumen are large (Figure 4B) 
with dense cytoplasmic contents. At a later stage, these cells 
disintegrate (Figure 4C), resulting in an increase in the 
diameter of the canal. Subsequently, the cytoplasm of the 
cells which form the new lining of the canal becomes dense 
and granular (Figure 4C). These cells are now active secret-
ing cells. The secretory product accumulating in the resin 
canal is PAS-positive (i.e. may be muco-polysaccharides or 
phenolics), or may have a dense, granular appearance which 
is PAS-negative. Many resin canals of mature leaves may, 
however, appear empty (Figure 4A). 
Supporting tissue consists of sclereids, situated abaxially 
of the main and secondary veins and collenchyma, situated 
adaxially and abaxially of the main vein (Figure 4A). Most 
collenchyma cells are filled with tanniniferous substances 
(Figure 4A) which stain similar with toluidine blue 0 to 
those in the epidermal cells. These substances also occur in 
the phloem parenchyma. 
Discussion and Conclusions 
The leaves of R. burchelli and E. ericoides exhibit a number 
of features which may be regarded as of ecological signifi-
cance. In R. burchelli the thick resinous layer is apparently 
secreted by the glandular trichomes. The most important 
functions attributed to this layer, are lowering of cuticular 
transpiration (Dell & McComb 1977) and light reflection 
accompanied by reduction of leaf temperatures (Werker & 
Figure 3 Leaves of Rhus burchelli and Eriocephalus ericoides, A & B. Stomata of R, burchelli in transverse section. A, Stoma of 
immature leaf. B, Stoma of mature leaf showing resin in substomatal cavity, C & D, Internal structure of leaf of E. ericoides. C, Part 
of leaf in transverse section; arrowhead indicates secretory cavity; x - xylem, p - phloem, pf - phloem fibers, D. Secretory canal of 
E, ericoides in transverse section showing accumulation of secretory product, stained with Sudan black B; tc - transfer cells. 
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Fahn 1981). Dell and McComb (1978) ascribe reduction of 
cuticular transpiration by a resinous layer to the hydro-
phobic characteristics of resin. In R. burchelli, this is con-
firmed by the positive reaction of the resin layer with Nile 
blue. Resinous substances are also secreted by Australian 
plants from arid regions (Dell & McComb 1974). 
Stalk cells with cutinized cell walls commonly occur in 
the glandular trichomes of xerophytic species (Fahn 1986). 
This is also a conspicuous feature of the basal head cells 
(which may be regarded as stalk cells) of the glandular 
trichomes of E. ericoides and of the stalk cells of R. 
burchelli. It is regarded as an important feature which 
prevents excessive water flow to the head cells, thereby 
limiting water loss (Schnepf 1974; Fahn 1986). 
Dell and McComb (1977) mentioned that the raised guard 
cells of Eremophila fraseri F. Meull. prevent stomatal pores 
from becoming occluded with resin. In Rhus burchelli, 
however, most stomata of immature leaves and some of 
mature leaves, are completely covered or blocked by resin. 
The fact that the raised stomata of R. burchelli are not 
effective in preventing the stomatal pores from becoming 
occluded, is manifested by the presence of resinous sub-
stances in the substomatal cavities of mature and immature 
leaves. 
It has not been determined whether the oily secretion of 
the glandular trichomes of E. ericoides has ecological 
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significance. The secretory products of members of the 
Asteraceae are lipophilic (Fahn 1988), consisting predomi-
nantly of fatty acids, terpenoids and sterols (Ascensao & 
Pais 1985). Haberlandt (1928) mentioned that the lipophilic 
layer deposited on the leaf surface by the secretory 
trichomes, may limit cuticular transpiration. 
According to Metcalfe and Chalk (1950), long uniseriate 
hairs such as those observed on the leaf surface of E. eri-
coides are a common feature of the leaves of members of 
the Asteraceae. These hairs may be characteristic of plants 
growing in arid and semi-arid regions (Alvin 1987). The two 
most common functions ascribed to hairs forming a dense 
indumentum are reduction of transpiration (Wiegand 1910) 
and light reflectance (Eller 1977). These two ecological 
functions may, however, be questioned in the case of E. eri-
coides as hairs do not occur on mature leaves. 
Early investigations have revealed that some members of 
the Asteraceae are able to absorb water through their leaves. 
This function was ascribed by Hare (1941) to hairs on the 
leaf surfaces of Senecio cottonii Hutch. et Taylor which are 
similar to those of E. ericoides. Wood (1923) made a similar 
observation regarding the hairs of Kochia sedifolia. 
A prerequisite for water absorption by trichomes is the 
presence of living basal cells (Lyshede 1976). It may be 
possible that trichomes on immature leaves of E. ericoides 
are able to absorb water, but not trichomes of mature leaves, 
Figure 4 Light micrographs of leaves of Rhus burchelli in transverse section. A. Median part of leaf. B. Secretory canal of immature 
leaf. C. Secretory canal of mature leaf. 
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as the cytoplasmic contents of the basal cell have degener-
ated while the cell walls of the stalk cells become cutinized. 
According to Lyshede (1976), however, water movement in 
the trichomes of Spartocytisus Jilipes is not inhibited by the 
cutinized cell walls of stalk cells because of the presence of 
pectic substances and microchannels which permit water to 
move to the basal cells. Pectic substances and microchannels 
were not observed in the stalk cells of E. ericoides 
trichomes. Tanniniferous substances which sometimes fill 
the apical cells of trichomes of E. ericoides may inhibit 
capillary action, thereby limiting water uptake and move-
ment to the stalk cells. 
According to classical views the above-mentioned fea-
tures reduce transpiration. In contrast, features which 
include large intercellular spaces, an abundance of chloro-
plasts in the leaves of E. ericoides, the amphistomatalleaves 
of R. burchelli, the distribution of stomata over the entire 
leaf surface of E. ericoides and centric leaves, are features 
which promote transpiration. However, these are also fea-
tures which promote photosynthesis. The predominance of 
these features not only in these two species, but also in other 
South African xerophytes investigated (Kruger & lordaan 
1990), shows that survival of these species is dependent on 
allocating as many resources as possible to storage during 
times of abundant water availability. These are then used 
during times of drought when little photosynthesis is possi-
ble due to closure of stomata. It is during these times that 
water absorption through hairs may playa significant role in 
the water economy of the plant while features such as a 
resinous layer, an oily layer and a thick indumentum may 
playa role in reducing transpiration. 
With regard to the thin cuticles of these species, some 
authors have stated that the chemical composition of the 
cuticle is important in limiting cuticular transpiration and 
that thin cuticles are often effective in preventing excessive 
cuticular transpiration (Merida et ai. 1981). 
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